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The Fourth of July Creek area in the White Cloud Peaks, central 
Idaho, contains two principle lithotectonic units: 1) the black ar­
gillite and minor gray marble of the Upper Mississippian (?) Salmon 
River sequence (Msr), up to 1400 m thick, and 2) the conglomerate, 
bioclastic turbidites, calcareous sandstone and siltstone of the 
Upper Pennsylvanian to Lower Permian Pole Creek Formation Members 1 
through 4, (PPpc), 2500 m thick. The Msr was deposited on deen-sea 
fans in a late-stage Antler foreland basin; the PPpc was deposited 
on the continental slope by turbulent flow, grain flow (?), trac­
tion and suspension sedimentation processes which create a fining- 
upward succession and record a diminishing sediment supply due to 
erosion of the source highland.
Geologic mapping and structural interpretation reveals a folded 
regional detachment fault at the contact between the Msr and the 
PPpc. This fault is defined by truncation of PPpc strata and by 
tectonic breccia and myIonite in rocks of the upper and lower 
plates. This east-directed fault may represent westernmost or 
hinterland thrusting in the Sevier overthrust belt.
Tight folds, penetrative cleavage and intricately folded schis- 
tosity characterize the deformation of the parautochthonous Msr; 
deformation of the allochthonous PPpc consists of jointed, open- 
to isoclinal folds which lack a penetrative fabric. This contrast 
in deformational styles suggests the Msr was deformed prior to 
deposition, thrusting and folding of the PPpc. The presence of de­
formed Msr clasts in the PPpc conglomerate further supports this 
timing.
Two north-trending, steeply west-dipping faults cut the Msr, the 
detachment fault and the PPpc, and are sub-parallel to PPpc bedding. 
The westernmost of these faults places the Msr against an overturned 
section of the PPpc Member 4, and the easternmost fault has created 
asymmetrical megascopic folds in the PPpc. Although these faults 
are now geometrically normal, facing direction and repetition of 
strata along the west fault, and fold vergence along the east fault 
indicates these faults are in fact, west-directed contraction faults 
which have been overturned eastward.
The detachment fault, megascopic folds and contraction faults are 
cut by the White Cloud stock (83.6 m.y. old). This restricts the 
age of the regional detachment and associated structures to 
pre-Late Cretaceous.
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CHAPTER CNE 
INTROEüCnON
Purpose of Study:
The purpose of this study was to analyze the contact between two 
lithotectonic units in the White Cloud Peaks area of central Idaho. 
These two units are the black argillite and minor gray marble of the 
Upper Mississippian (?) Salmon River sequence y and the conglanerate, 
calcareous sandstone, siltstone and limestone of the Upper Pennsylvanian 
to Lower Permian Pole Creek Formation. Pole Creek rocks contain well 
preserved sedimentary structures and both units are overprinted locally 
by contact metamorphism due to intrusion of the White Cloud stock. 
These rocks lie in a regional structural depression between the Idaho 
batholith and the Cordilleran miogeocline, an area that was r^>eatedly 
compressed by accretion of microplates during Paleozoic and Mesozoic 
time (Dickinson, 1977).
Field work done for this study indicates that the contact between 
the Salmon River sequence and the Pole Creek Formation is the trace of a 
regionally extensive detachment fault that has been tightly folded. The 
fault apparently formed between the end of Early Permian time (258 m.y. 
BP) and the intrusion of the Late Cretaceous White Cloud stock (83.6 + 
or - 2.8 m.y. BP, potassium-argon on biotite, Cavanaugh , 1979). This 
fault is the locus of an intermittent mylonite-breccia zone and also
marks the boundary between penetrative deformation in the Salmon River 
sequence and non-penetrative, open to isoclinal folds in the Pole Creek 
Formation. West-directed^ overturned, contraction faults, which are 
associated with post-thrust, regional megascopic folds, juxtapose the 
Salmon River sequence with an overturned Pole Creek section in the west 
part of the area, and create spectacular hanging-wall folds in Pole 
Creek rocks in the east part of the area.
The present study demonstrates that the detachment fault and 
younger structures are cross cut by the White Cloud stock; these 
structures are therefore older than the stock.
The regional detachment or thrust exposed in the White Cloud Peaks 
area is thought by sane geologists to have resulted fran Sevier (Early 
Cretaceous to Paleocene) deformation (Skipp and Hait, 1977). In this 
context, it may represent one of the oldest, westernmost and 
structurally highest thrusts in the Sevier orogenic belt.
Location and Access:
The thesis area consists of 44 km of mountainous terrain, located 
13 km east of the town of Obsidian, in Custer County, Idaho (Figure 1). 
Access is via a poorly maintained U.S. Forest Service dirt road which 
begins at Idaho Highway 75, 6 km south of Obsidian, and follows Fourth 
of July Creek eastward into the central portion of the area. The north 
and south portions of the area are bisected by private, four-wheel drive
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mining roads. The majority of the area lies within the Washington Peak 
7.5 minute topographic quadrangle, at elevations between 2286 m and 3353 
m above sea level. Much of the area is above timberline and the rocks 
are generally well exposed.
Subarea Locations:
Three subareas will be used throughout this text to designate the 
general location of features being described (Figure 2):
Subarea 1: centered over Strawberry Basin.
Subarea 2: centered over Phyllis Lake.
Subarea 3: includes lower Fourth of July Creek and the ridge between
Fourth of July and Fisher Creeks.
Previous Work:
Geologic studies in central Idaho which include the White Cloud 
Peaks area are: Umpleby and others (1930), Ross (1937), Kiilsgaard
(1949), Thanasson (1959), Hobbs (1973), Tschanz and others (1974), Hobbs 
and others (1975), Ketner (1977), Nilsen (1977), Stevens (1977), Skipp
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and Hall (1980), Carstensen (1983), and Fisher and others (1983).
Ross (1937) was first to thoroughly map and describe the Paleozoic 
rocks, structure and ore deposits in the White Cloud Peaks area. Based
largely on this work, Tschanz and others (1974) remapped and
interpreted the stratigraphy and structure of the area, and suggested 
the possible occurrence of a regional thrust fault on an unconformity at 
the base of the Wood River Formation, although this thrust was not
actually mapped.
Nilsen (1977) interpreted sedimentary structures and the 
depositional environment of Mississippian age flysch in the Pioneer 
Mountains and the White Clouds Peaks area. He renamed the black
argillitic rocks in the White Clouds "Salmon River sequence" based on
their interpreted association with the Mississippian Copper Basin
Formation in the Pioneer Mountains.
Stevens (1977) interpreted the paleogeogr^hy and depositional 
environments of central Idaho with respect to tectonic development of 
the Cordilleran miogeocline. Skipp and Hall (1980) included the White 
Cloud Peaks area in a regional stuc^ of upper Paleozoic rocks in Idaho, 
while Ketner (1977) interpreted the depositional environment of the Wood 
River Formation and suggested the source of these rocks was the upper 
Middle Pennsylvanian to Upper Permian Humbolt highland. Wood River 
Formation rocks in the study area have recently been rsnapped as a new 
formation, the Pole Creek Formation (Fisher and others, 1983). This
body of rock is isolated from the Wood River Formation by Tertiary
volcanics and the possibility exists that it is a separate
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tectono-stratigraphic terrane, (cf.. Coney, Jones and Monger, 1980). 
However, many of the stratigraphie and paleogeogrcÇ)hic relationships 
which apply to the Wood River Formation still apply to Pole Creek rocks. 
Fisher and others (1983) state that the Pole Creek Formation is thrust 
over the Salmon River Sequence, but this thrust is incompletely mapped 
in the present study area.
Present Work:
Approximately sixty days were spent in the field during sunnier, 
1983. The Pole Creek Formation stratigr^hic section was measured and 
described using a Brunton compass and a Jacob's staff. Geologic mapping 
throughout the area was done on color aerial photographs at a scale of 
1:35,000; the data was then transferred to the U.S. Geological Survey 
Washington Peak 7.5 minute topographic map (Plate 1). Structural data
was analyzed using stereo net techniques and thirty-two thin sections,
cut from rocks collected in the field, were analyzed using the
pétrographie microscope. Thin section descriptions are presented in the 
T^pendix and are keyed to rock units shown on Figure 4, the
Stratigraphie Column.
Regional Geologic History:
Rocks in the White Cloud Peaks area are evidence of Paleozoic 
marine deposition along the Cordilleran continental shelf-slope margin. 
These rocks were deformed by east-west-directed compression during 
Paleozoic and Mesozoic time. The following are key depositional and 
tectonic events which led to present-day stratigraphie and structural 
relationships in the study area.
1. Deposition of the Upper Mississippian (?) Salmon River sequence 
argillite in a deep foreland basin or flysch troughy east of the Antler 
orogenic highland (Nilsenr 1977).
2. Penetrative deformation of the Salmon River sequence during Late 
Mississippian to Middle Pennsylvanian time.
3. Erosion of the emerged Salmon River sequence rocks during Late 
Mississippian to Middle Pennsylvanian time.
4. Deposition of the Pole Creek Formation in the axial portion of the 
Pennsylvanian to Permian inland sea (Stevens, 1977), unconformably over
the Salmon River sequence. The source of these sediments may have been 
the Humbolt highland which formed a range of islands and shoals east of 
the depositional trough in late Paleozoic time (Ketnerr 1977). 
Dickinson (1977) suggests that Permo-Pennsylvanian sediments may have 
been deposited in fault-controlled y extensional rift basins which formed 
during the time between the Antler and Sonona orogenies. Skipp and 
others (1979) suggest that part of the earlier Mississippian flysch 
basin was uqplifted to form the north-south-trending Copper Basin 
highlandf from which small amounts of coarse detritus were shed westward 
into the Wood River basin.
5. Hie Pole Creek allochthon thrust over the Salmon River sequence.
Based on a summary of Upper Paleozoic plate tectonics by Dickinson 
(1977), a complex island arc welded onto the continent during
Permo-Triassic time. This late Paleozoic compressional event may have 
been the impetus for initial eastward thrusting of Pennsylvanian-Permian 
marine slope deposits such as the Wood River and Pole Creek Formations. 
However, thrusts in the study area may also be Sevier in age (Early 
Cretaceous to Paleocene, Skipp, 1981), or they may be Paleozoic thrusts 
re-activated during Sevier orogenisis. If so, they may be the
westernmost or hinterland thrusts in the Sevier overthrust belt
(Almendinger and Jordan, 1981).
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6 . Following thrusting r the Salmon River sequence and the Pole Creek 
Formation folded brittlely, and contraction faults cut the limbs of 
these folds. Continued east-directed compression overturned these 
faults to the east.
7. The White Cloud stock intruded the area in Late Cretaceous time, 
83.6 m.y. BP, followed by Eocene extrusion of the Challis volcanics. 
The region underwent basin-and-range extensional faulting about 17 m.y. 
BP (Skipp, 1981).
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CHAPTER TWO
STRATIGRAPHY
HISTORICAL REVIEW
The principal sedimentary rock units in the study area are the 
black argillite of the Mississippian (?) Salmon River sequence and the 
conglomerate f calcareous sandstone y siltstone and limestone of the Upper
Pennsylvanian to Lower Permian Pole Creek Formation• Since the first
geologic investigations in the region^ these units have been dividedy 
namedr re-divided and re-named by various workers. The names "Salmon 
River sequence" and "Pole Creek Formation" were assigned recently to 
rocks previously called Milligen Formation and Wood River Formation y 
respectively. The following review offers perspective on the
development of stratigraphie divisions in the central Idaho region.
Black argillitic rocks in the White Cloud Peaks area were 
originally mapped as part of the Devonian Milligen Formation. Urapleby 
and others (1930) first named the Milligen in the Wood River regiony 
approximately 60 km south of the study area. Ross (1937) mapped the 
Milligen from its type area in the Wood River region northward through 
the White Cloud Peaks area to the Salmon River Canyon. He described the 
formation as a blacky carbonaceous argillite with quartzite and
calcareous beds, and minor graphitic coal. Dover (1969) defined the
12
Milligen as a dark, carbonaceous, phyllitic argillite with minor chert. 
Tfechanz and others (1974) restricted the name Milligen to the type 
lithology in the Wood River region, but recognized "Devonian(?) and 
Mississippian rocks undivided" in the present study area. These rocks 
were renamed Salmon River sequence by Nilsen (1977), who interpreted 
these rocks to be a northern facies of the Mississippian Copper Basin 
Formation, shed from the Copper Basin Highland and d^xDsited as
submarine fans in a flysch trough.
Pole Creek Formation is the name recently given to Upper
Pennsylvanian through Lower Permian rocks north of Pole Creek, 
previously mapped as part of the Wood River Formation. The Wood River 
Formation was first named by Lindgren (1900) and included Devonian 
through Permian rocks. Umpleby, Westgate and Ross (1930) restricted the 
name to Pennsylvanian through Permian rocks. Thcmasson (1959) divided 
the formation into four lithologie units, and Hall, Batchelder and 
Douglas (1972) divided it farther into seven units. Tschanz and others 
(1974) identified part of Hall's units 3 through 7 in a stratigraphie 
section along Fourth of July Creek (the same section measured and 
described in this study). Tschanz and others (1974) recognized the 
lower contact of the Wood River Formation to be "everywhere an 
unconformity or a thrust fault", and identified the thick conglcmerate 
in subarea 2 as the Hailey conglomerate, the basal unit of the Wood 
River Formation. Nearly all Pennsylvanian and Permian rocks north of
Pole Creek are now mapped as Pole Creek Formation (Fisher and others,
1983).
13
The Wood River Formation is interpreted by Ketner (1977) to be 
debris flow deposits and turbiditesr deposited on or at the foot of the 
continental slope in relatively deep water. The age of these rocks is 
based on a faunal assemblage v^ich includes crinoidal debris r bryozoans, 
brachiopods and fusilinids. A fusilinid found near the base of the 
formation defines the lower part as Des Moinesian (Middle Pennsylvanian) 
(Hall and others, 1972).
In the brief text which accompanies the Challis 1 x 2  degree 
Geologic Map (Fisher and others, 1983), the age of the Pole Creek 
Formation is given as Upper Pennsylvanian to Lower Permian. This is 
based partly on the age of conodants collected low in a section where 
neither the top nor bottom of the formation is exposed. Consequently,
the formation could be older than Upper Pennsylvanian. The ages
assigned to the Wood River and Pole Creek Formations thus show 
considerable time-stratigraphic overlap, specifically, through the Upper 
Pennsylvanian to Lower Permian interval (Figure 3).
In the map unit correlation column which accompanies the Challis
map, however, the Pole Creek Formation is shown to stratigraphically
overlie the Wood River Formation. This apparent contradiction reflects 
the difficulty and uncertainty of stratigraphie correlation in the area.
The fact remains that the lithologies and sedimentary structures of 
the two formations are strikingly similar, including the presence of a 
basal chert-pebble conglomerate. These similarities, together with the 
poorly established, overlapping age relationships, suggest that the two 
formations are actually parts of a single litho-stratigraphic unit.
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POLE CREEK 
FORMATION P P p c
LOWER PERMIAN TO
WOOD RIVER UPPER PENNSYLVANIAN
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(  Upper)
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Figure 3. Correlation column from Fisher and others (]983) shows Upper 
Pennsylvanian to Lower Permian age for Wood River Formation (upper unit) 
and Pole Creek Formation, but places Pole Creek Formation stratigraohic- 
ally over the Wood River Formation (upper unit).
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SAIMDN RIVER SEQUENCE
Rocks of the Salmon River sequence crop out in subareas 1, 2 and 3. 
Hie base of the sequence is not exposed in any of these areas, but it is 
interpreted to be a thrust fault (Fisher and others, 1983) • Limited 
exposure, complex isoclinal folds and scarcity of stratigraphie markers 
prevented measurement of the unit's thickness in the study area. 
However, a partial section, 1400 m thick, has been measured along Last 
Chance Creek, south of the study area (Fisher and others 1983). The 
Upper Mississippian age of the sequence is based on foraminifera, 
conodont and brachiopod fossil evidence from rocks in the Clayton area, 
20 km north of the study area (Nilsen, 1977), but the unit's age remains 
the subject of debate among some geologic workers in the region (Hall, 
personal communication, 1983).
In subarea 1, the Salmon River sequence is black and reddish-brown, 
massive- to thinly-bedded, foliated, siliceous argillite. Most of it is 
very fine grained to aphanitic, and it is heavily iron stained due to 
oxidation of pyrite. Within a 20 m zone near the unit's upper faulted 
contact, the rock contains an increased proportion of silica. Iron 
staining and quartz veining is also greatly increased in this zone. 
Several mining prospects lie within this zone in Area 1.
In subarea 2, the sequence consists of massive black and brown 
argillite, interlayered with gray narble beds up to a few meters thick. 
These rocks have been tightly folded into a megascopic, east-verging 
antiform which obscures original stratigraphie relationships.
w m r^  CLOUD PEAKS AREA 
CEWTRAE tOAMO
LtTHOLOGfC 
COLUMN
FORMAMAP
SYM. AND
RS -9 
i6;imz
m  secrioM
10,28.
TH R tfS r FA U LT
DESCRIPTW N
Graded sand ;td shale sequences which, contain a gray, structureless or planar-bedded basal 
division, overlain by gray or tan, fine- to very fine-grained, calcareous, quartz sand­
stone with abundant ripple cross beds and mega-ripples on bedding surfaces, overlain by black sfltlte; two thinly-bedded, black 
limestone units. IP and 12 m thick.
Graded sand to shale sequences which contain a gray or tano structureless, iwdiurn- to fine­grained. calcareous quartz sandstone division, overlain by planar-laminated black shale beds) 
these ar^ Interspersed with gray and tan, med­ium- te thlckiy-bedded» planar-laminated, rip­
ple; cross-bedded or cpnyolute-bedded. calcar­
eous, quartz sandstone and siltstone.
Predominantly tan and gray, medium- to thickly- 
bedded , planar-laminated, fine- to medium- grained, calcareous quartz sandstone, Iriter- bedded with blacfe siItlte.beds, a few cm thick; these are Interspersed with structureless, fine- to medium-grained, calcareous quartz 
sandstone units up to 20 m thick; lower section Is cut by granite dikes and shear aones.
Strongly-deformed, predominantly clast- supported, chert-pebble conglomerate with some graded beds, minor matrix supported beds. 170 m thick In Strawberry Basin, up 
to 800 « thick In Six Lakes basin; overlain by 420 m of repetitive graded sequences 
which contain bloclastlc debris and chert- 
granule basal d1visions, overlain by tan, planar-bedded and ripple cross-bedded. meWum- to^ flne^gFalned sand di vf sions. -
<2 -f ^
Black, thinly-laminated to massive, foliated, 
very fine-grained to aphanltic argillite, with minor gray, gritty limestone and thickly- 
bedded gray marble.
F±gure 4
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The sequence in subarea 3 is black and brown y, thinly-bedded to 
massive^ very fine-grained to aphanitic argilliter with minor 
interbedded grayy gritty limestone. Fracture cleavage obscures beddingf 
especially near the Pole Creek Formation contact.
Hie predominance of thinly-bedded^ black and brown argillite in the 
Salmon River sequence suggests these rocks are basin-plain facies 
associated with a deep-sea fan (Nilsenr 1977).
POLE CREEK FORMATION
Hie Pole Creek Formation^ as described here y is ^proximately 2500 
m thick r and consists of y from bottom to topr Members 1 through 4 
(Figure 4). This formation unconformably (Tschanz, 1974) and 
structurally overlies the Salmon River sequence. Evidence for the
unconformity is the difference in the ages of the two units, the angular 
discordance between them (partially structural) and the presence of 
Salmon River sequence clasts in the Pole Creek Formation basal 
conglomerate.
Hie lithology and sedimentary structures of each member is 
described below. These descriptions provide the basis for 
interpretation of sediment transport processes, which will be defined in 
terms of sediment gravity flows (Middleton and Hampton, 1973, Walker, 
1981, and Lowe, 1982).
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Member 1:
Member 1 crops out in subarea ly and is about 600 m thick. It 
consists of chert- and argillite-pebble conglomerate y fossiliferous 
black limestone and a succession of graded sequences.
The conglomerate is approximately 170 m thick in subarea 1, and 
crops out along strike for about 4 km in Strawberry Basin. At the south 
end of subarea 1, this unit is covered by Tertiary volcanicsr but 
re-emerges in subarea 2, where it thickens to approximately 800 m at the 
south end of Six Leikes basin. The unit is absent in Area 3. 
Thickening, thinning and pinching out probably reflects a combination of 
structural deformation and the unit's original facies pattern, developed 
as it was deposited unconformably over irregular submarine topography in 
discontinuous sheets and channels*
The occurrence of deformed Salmon River sequence argillite in the 
Pole Creek conglomerate stratigraphically links the two units and 
supports the idea that the conglomerate was deposited unconformably on 
the Salmon River sequence. It also shows that the Salmon River sequence 
was deformed prior to Pole Creek deposition.
The conglomerate is strongly deformed along its lower faulted 
contact, especially where chert clasts, rather than limestone matrix, 
make up a high percentage of the rock. This deformation generally 
inhibits idaitification of original sedimentary structures such as 
grading, stratification, clast orientation and paleocurrent indicators. 
In spite of this tectonic overprint, the conglomerate was recognized to
19
be predominantly clast supported y and to contain normally graded beds.
In exceptionalf undefocmed outcropsy this rock consists of 
well-roundedy bladed to prolate y gray chert pebbles y up to 3 cm in 
diameter y in a gray y sandy limestone matrix. Less commonly y the unit 
contains thin sets of matrix-supported y chert-pebble graded beds. The 
pebbles are aligned with their long axes sub-parallel to bedding. The 
matrix-supported pebbly beds are virtually undeformed y whereas the 
clast-supported beds are strongly deformed y due possibly to the high 
proportion of chert clasts.
About 10 m of blacky fine-grainedy crinoidal limestone overlies the 
conglomerate. This unit is massive and laterally continuous for nearly 
4 km along the length of Strawberry Basin. This unit may correlate with 
a blacky crinoidal limestone in subarea 3.
"Rie black limestone is overlain by approximately 420 m of 
repetitive graded sequences y each ^proximately 1 ro thick y which may be 
divided into three parts. 15ie lowest part of each sequence is 
structurelessy 35 to 50 cm thick y and is composed of chert y carbonaceous 
(?) siltite and silty^mudstone granules y and abundant crinoidy pelecypod 
(?) y bryozoan and algal debris. In each sequence y this lower unit 
displays an undulatory (scoured) basal contact with the upper unit of 
the previous sequence. The middle unit consists of 15 to 25 cm of 
planar-laminatedy fine-grained quartzitey which is in turn overlain by 
the upper unit which consists of 15 to 20 cm of ripple cross-bedded y 
fine-grained quartzite.
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The units in Member 1 were transported by three main processes : 
1) conglomerate - by turbulent flow , 2) the bioclastic limestone - by 
grain flow or liquified flowy , 3) graded sequences - high density
turbidity currents.
Walker (1981) suggests that stratifiedr clast-supported 
conglomerates which contain normal graded beds are transported above the 
bed by turbulent flow. The support mechanism may be partly fluid 
turbulence and partly clast collisions (dispersive pressurey Bagnold, 
1954) • The conglomerate in Manber 1 was probably transported by this 
type of turbulent flow. The clast-supported structure and graded beds, 
with minor matrix supported beds, is characteristic of facies deposited 
at the down current or distal end of a gravel sediment wave (Walker, 
1981). Once deposited, the clasts stopped moving immediately and the 
fabric was "frozen" in place.
The black limestone was probably transported by currents which 
swept fossil debris off the shelf, whereupon it flowed swiftly down the 
slope, supported in part by fluid pressure between the grains. This is 
suggested by the bioclastic composition of this rock and the lack of 
sedimentary structures. The high proportion of organic material which 
blackens the rock suggests the flows came to rest in an anerobic 
environment which allowed preservation of organic material already in 
the sediment.
The graded sequences which comprise the balance of Member 1 clearly 
correspond to the "A", "B" and "C" divisions of the classical Bouma
turbidite sequence (Walker, 1981) (Figure 5), although divisions "D" and
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Figure 5. Classical Bouma turbidite divisions "A", "3" and "C" in Pole 
Creek Formation Member 1.
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"E" are absent from most of the sequences in Manber 1. These sequences 
may be classified as high-density turbidites, in which suspension is 
dependent on particle concentration effects, or the specific nature of 
particle interaction, rather than on the the effects of the fluid 
medium.
These sequences may also be termed "proximal" turbidites, which 
implies they formed near their sediment source.
Manber 2:
Pole Creek Manbers 2, 3, and 4 are defined in the stratigraphie 
section measured and described in subarea 3, along the north side of 
Fourth of July Creek canyon. Manber 2, at the base of this section, is 
interpreted to overlie Manber 1, even though Manber 1 was defined in 
subarea 1, 8 km to the east. An unknown thickness may be missing 
between these members.
The stratigraphie section crops out as steeply west-dipping beds 
which form the overturned limb of a megascopic fold. Well-developed 
ripple-cross beds in the middle and upper parts of the section show the 
rocks become younger to the east. An unknown thickness of Manber 4 has 
been deleted from the top of the section by a fault.
Member 2, 750 m thick, is predominantly tan and gray,
planar-laminated, medium- to thickly-bedded, fine- to medium-grained 
calcareous, quartz sandstone, interbedded with black siltite beds a few
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cm thick. These units are interspersed with structureless, calcareous, 
quartz sandstone units up to 20 m thick. All of these beds are tabular 
and laterally continuous.
These bedding structures suggest that grain flow, or sand 
avalanching, formed Member 2. Grain flows are a type of sediment 
gravity flow in which particles maintain dispersion by the pressure 
which arises from grain collision (Lowe, 1982). Internally, grain flow 
deposits are usually massive and ungraded, but diffuse, parallel 
laminations may occur in some flows. Steady flow of sand sized 
particles can exist only on slopes which approach the static angle of 
repose, between 18 and 28 degrees in subaqueous sands (Lowe, 1982) • 
Lowe further suggests that grain flows will generally be less than 5 cm 
thick "because of the inability of grains at the base of the flow to 
produce dispersive pressure sufficient to support against gravity a 
thick overlying column of dispersed sediment". Earlier work by 
Middleton (1973), however, puts no constraints on the thickness of 
individual grain flows, and suggests that thick sand flows can be 
supported in motion by inter-grain fluid pressure (liquified flow). 
Middleton cites original descriptions by Stauffer (1967) who notes that 
sand units which lack traction-current features such as erosional sole 
markings, convolute-lamination and cross-lamination are probably formed 
by grain flow.
I interpret the relatively thin but structureless sand units and 
thin black shales in Member 2 to be successive high density flows, of 
either the grain flow or high density liquified flow type, interlayered
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with suspension deposits. The thick sand units (20 m) with both massive 
and planar-laminated structures are multiple sets of grain flows or 
liquified flows which formed when large volumes of sand cascaded down 
the submarine slope.
Member 3:
Member 3 conformably overlies Member 2 and consists of 700 m of 
graded sandstone to shale sequences r interlayered with planar-laminated, 
ripple cross-bedded and convolute-bedded quartz sandstone units.
Each graded sequence may be subdivided into three parts: 1) the
lower part consists of gray or tan, structureless, medium- to 
fine-grained, calcareous, quartz sandstone beds, 5 to 10 cm thick, 2) 
the middle part consists of tan, planar-bedded or ripple cross-bedded, 
fine-grained, calcareous quartz sandstone beds, 5 to 10 cm thick, and 3) 
the upper part consists of black shale beds up to 3 cm thick, composed 
of silt to clay size quartz and black organic particles, in 
thinly-graded laminations. Flame structures and scours are well- 
developed in these rocks where medium- to fine-grained sand scours into 
the black shale of the previous sequence. These sequences form a unit 
88 m thick at the base of Member 3, and form units a few meters thick at 
several other intervals within the Member.
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The balance of Member 3 consists of gray and tan, planar-laminated, 
ripple cross-bedded and convolute-bedded, calcareous quartz sandstone 
and siltstone, in beds which average 1 m thick*
I interpret the graded sand to shale sequences to be low density 
turbidity current deposits and the planar-bedded, rippled and 
convolute-bedded sand and silt sequences to be high density turbidity 
current deposits (the latter already described for Member 1).
Lew density turbidity currents are those in which sediment support 
is largely independent of particle concentration (Lowe, 1982), 
(described in more detail under Member 4) • The combination of both high 
and low density flow processes in Member 3 suggest it is a transitional 
facies between Members 2 and 4.
Member 4:
Member 4, 450 m thick, conformably overlies Member 3, and contains
predominantly graded, sandstone to shale sequences, up to 1 m thick.
The sandstone contains structureless or planar beds, convolute beds and 
ripple cross beds, while the shaley beds contain thinly-graded 
laminations. Two massive, black, silty limestone units also occur in 
this member.
Each graded sequence contains two sand divisions and a shale
division. The lower sand division averages 20 to 30 cm in thickness and
consists of structureless or planar-laminated, fine-grained, calcareous,
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quartz sandstone* Ube sandstone weathers tan and may be either well 
cemented or friable* The friable zones weather into rounded y blocky 
forms*
The second sand division consists of 10 to 20 on of fine- to very 
fine-grained^ calcareousr quartz sandstone* Current ripples up to 3 cm 
in amplitude form sets up to 10 cm thick y and display scours filled by 
later y planar-laminated or rippled sand* Some of the ripple sets show 
progressive ripple development which begins with planar 
cross-laminations y changes to vertically climbing ripples y then are 
overlain by mega-ripples*
At approximately 200 m above the base of Member 4 y well-developed y 
asynmetrical mega-ripples are exposed on successive bedding surfaces 
(Figure 6).
The ripples occur in gray to tany fine-grainedy quartz sandstone, 
overlain by a thin layer of black mudstone* These beds are now 
overturned eastward and the bedding plane surfaces are formed by the 
black mudstone* In effect, the ripples on these surfaces are mirror 
images of the actual ripples, and the ripple-asyirmetry in the overturned 
mudstone is opposite that of the rippled sand beds* The ripples are 3 
to 5 on in amplitude, with average wave lengths of approximately 15 cm. 
The crests are sub-parallel to each other, slightly undulatory, and are 
continuous for up to 5 m*
In order to determine possible pal eocur rent directions defined by 
these ripples, the bedding attitudes were restored to horizontal, using 
stereo net techniques* Assuming minimal rotation about a vertical pole,
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Figure 6. Mega-ripples exposed on bedding surfaces, Pole Creek 
Formation Member 4. 1.5 m staff for scale.
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the beds (N8Er 65Nf overturned eastward) were "unfolded" and the 
regional plunge (lOS) was removed. As restoredr the average trend of 
fourteen ripple crests r from the beds shown in Figure 6, is S3E, with 
their lee sides facing southwest. Based on this reconstruction^ the 
currents which formed these ripples flowed S87W.
Black siltite which overlies the rippled sand beds is up to 5 cm 
thick and is composed of silt-size quartz grains and residual organic 
material (?) in thinly graded laminations. Metamorphic muscovite and 
amphibole in the siltite may be derived from clay minerals originally 
deposited with the silt.
Two thinly-bedded, fine-grained, black limestone units occur near 
the top of Member 4. The lowermost unit is 19 m thick, while the upper 
unit is 12 m thick. These units resemble the black limestone unit in 
Member 1 except that they apparently lack fossils.
The graded sequences in Member 4 contain grain sizes, compositions 
and sedimentary structures characteristic of deposition by low density 
turbidity currents. "A" through "E" Bouma divisions are present in most 
of these sequences. The following interpretations of the sediment 
transport processes are based on Middleton and Hampton (1973).
The lower part of each turbidite is massive or planar-bedded. The 
massive "A" divisions probably formed by very rapid deposition from 
suspension, during which the bed acted as though it were liquified or 
"quick". The upward pressure of escaping water during compaction 
produced this phenomenon. The planar-bedded part of the sequences 
represents the Bouma "B" division and in some cases forms the basal
29
division of the graded sequences. Middleton points out that the 
significance of planar laminations in turbidites in not clear, and that 
some of these structures may be the result of deposition which was rapid 
enough to prevent development of bed forms, but not rapid enough to form 
a structureless "quick" bed. Some of the laminations may be upper flow 
regime planar laminations.
The rippled sands, which represent Bouma division "C", formed by 
traction-sedimentation. The cross-bed sets which evolve from planar 
cross-laminations, through climbing ripples, to mega-ripples, represent 
initial increase in current velocity and sediment load, followed by a 
decrease in velocity to form the rij^les.
The black shaley layers which overly the rippled sand beds 
represent the "D" and "E" Bouma divisions, the residual turbidity flow 
suspension sediments. The Bouma divisions in Member 4 represent a 
decrease in sediment-flow density, and a decrease in the sedimentation 
rate, compared to Manbers 1, 2 and 3.
Depositional Environment:
The lithology and sedimentary structures observed and sediment 
transport processes interpreted for the Pole Creek Formation suggest 
that these rocks were deposited in deep water on the continental slope 
(Middleton and Hampton, 1973) and that their sediment was derived from 
both terrigenous and shelf sources. The d^xDsit may have been a
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deep-sea fanr although fan morphology was not delineated by this study.
I interpret the transition from coarse-grained sediment at the base 
of the formationr through a transitional coarse- and fine-grained facies 
in the middle^ to fine-grained sediments at the top, to reflect a 
decrease in sediment supply due to erosion of the source highland , 
accompanied by basin subsidence.
An alternate interpretation to explain this decrease in sediment 
grain size is migration of the primary sediment source. This would 
gradually shift the depocenter to another area and deposit distal-like, 
fine-grained sediments over older, proximal-like, coarse-grained 
sediments.
The facies, dominant flow processes, and depositional environment 
interpretations for the Pole Creek Formation are summarized in Figure 7.
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Figure 7. Facies» flow processes and depositional environments, 
Pole Creek Formation.
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CHAPTER THREE
STRUCTURAL GEOLOGY
INm)DUCriON
A spectrum of structural features in the Salmon River sequence and 
the Pole Creek Formation reflect the impact of multiple tectonic events 
on the central Idaho region. Structural aspects of each unit are 
described separately in this chapter in order to define and contrast 
their individual deformational styles.
Megascopic through microscopic folds f penetrative foliation and 
mylonite characterize the structure of the Salmon River sequence. These 
structures are for the most part the result of ductile deformation. In 
the Pole Creek Formation, megascopic and mesoscopic folds y extension 
joints and fault breccia and contraction faults characterize brittle 
response to tectonism.
The contact between the Salmon River sequence and the Pole Creek 
Formation is the trace of a regional detachment fault, defined by 
brecciation in the upper plate and nylonitization in the lower plate, 
and by a contrast in deformational styles; penetrative below the fault 
and non-penetrative above it. The presence of deformed Salmon River 
sequence argillite clasts in the Pole Creek basal conglomerate indicates
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that the Salmon River sequence deformed prior to Pole Creek deposition; 
between Upper Mississippian and Middle Pennsylvanian time.
SAUOÏ RIVER SEQUQÎCE 
Megascopic Folds;
Because of difficulties in recognizing separate units within the 
Salmon River sequence y megascopic structures are poorly defined in most 
areas. In subarea 2 however, interlayering of marble and pelitic rock 
reveals a highly contorted series of discontinuous, overturned, 
isoclinal folds, stacked one upon the other to form a megascopic, east 
verging antiform. This complex fold style is most obvious where 
coarse-grained gray and white, iron-stained marble and fine-grained, 
black argillite beds, up to a few meters thick, are interbedded within 
massive black argillite, to create a structure covering several hundred 
meters of outcrop (Figure 8).
This striking exposure suggests that the Salmon River sequence is 
more deformed than it generally appears to be, and that folds within the 
massive black argillite may be unrecognizable unless defined by 
distinctive marker beds. This fold style contrasts sharply with 
megascopic folds in the Pole Creek Formation.
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Figure 8. View south of megascopic folds of marble and argillite, 
Salmon River sequence, subarea 2. Approximately 80 m vertical relief.
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Mesoscopic Folds:
Bedding or compositional layering is rarely seen in the Salmon 
River sequence. However, in one outcrop in subarea 1, aphanitic, 
light-gray siltite beds, up a few an thick, interlayered with thin black 
argillite beds, contain tight to isoclinal folds with wave lengths of 
less than 10 an. These folds also display parasitic folds as small as 5 
mm. Well-developed axial-planar cleavage cuts these folds and distends 
the light colored beds into the dark beds. Thin sections of these 
structures reveal penetrative, axial-planar cleavage through both the 
light and dark beds (Figure 9). These folds demonstrate incipient 
transposition of bedding along foliation. This foliation is the 
dominant structural surface in the Salmon River sequence.
In subarea 3, a cluster of open bedding folds, with wave lengths of 
about .5 m, crops out. The rock is thinly-bedded, sulfide-rich, black 
argillite which contains wavy, gray-green color bands up to a few cm 
thick. These bands may be diagenetic reduction zones within the black 
argillite, as the composition and texture of the argillite remains 
unchanged across these colored boundaries. In the fold hinge zones, 
these bands give way to faint black lineations v^ich are sub-parallel to 
traces of the axial planes of the folds. Sulfide blebs appear to be 
aligned along these lineations, which suggests that the lineations may 
be the trace of weakly-developed axial-planar cleavage. However, no 
cleavage was recognized in thin sections cut from these zones. A stereo 
net plot of 15 fold axes from this area forms a tight maxima around 46,
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Figure 9. Photomicrograph of cleavage in Salmon River sequence 
argillite, thin section RS-28. Note shear of black bed along 
cleavage plane. Field of view is 4.5 cm in vertical dimension.
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S13W. The uniform axial trends suggest that the folds formed together 
in response to the same stress. The rocks in this outcrop are unusual 
in that they lack a penetrative fabric, whereas most of the Salmon River 
sequence rocks are penetratively foliated.
Mesoscopic folds of foliation are common within the sequence in 
subareas 1 and 2. These are tight, angular folds, generally defined by 
quartz segregations a few cm thick, within massive, black argillite. In 
subarea 1, folds of this type have wave lengths of approximately 30 cm. 
These folds eure continuous in outcrop for several meters (Figure 10). 
Fracture surfaces near these folds are sub-parallel to the axial planes 
of the folds, and may be localized along weakly-developed, axial-planar 
cleavage. The cucial trends of these folds are diverse.
Open, arcuate folds with wave length of 9 cm also occur in subarea 
1. These folds are defined by siliceous segregations, a few cm thick, 
within foliation surfaces. Well-developed, open fractures in the 
segregations form a divergent fan about the fold axes. This fold style 
is limited in extent, superimposed on earlier ductile deformation and 
suggests brittle-style deformation may have played a minor role in 
folding the Salmon River sequence.
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Figure 10. Tightly folded foliation surfaces in Salmon River sequence, 
subarea 1, Hammer for scale.
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Fold Style:
The preceding descriptions indicate that the majority of folds in 
the Salmon River sequence formed by penetrative and ductile deformation. 
This is supported by the styles of both the megascopic and mesoscopic 
foldsf and probably reflects an early, regional deformational episode.
The megascopic folds in subarea 2 are a particularly good examples 
of this penetrative and ductile deformation. In these folds, the marble 
and argillite beds ^pear to have flowed around each other, and to have 
been overturned, refolded and transposed, as the result of continuous, 
penetrative strain. Mesoscopic folds throughout the stu<^ area record 
at least three, possibly four penetrative deformational events. The 
first event folded bedding. These folds were then penetratively 
cleaved. The cleavage was then folded into the tight, angular folds 
seen in subarea 1. During or after this folding, the rock developed 
another cleavage which is sub-parallel to the fold axial planes. This 
cleavage could be related to these folds, or associated with younger 
megascopic folds.
I interpret the open folds with radial fractures in subarea 1, and 
the uncleaved, open folds in subarea 3, to be the result of younger, 
more localized deformation. The folds in subarea 3, in particular, have 
orientations which suggest a genetic relationship with the contraction 
fault (described later in this chapter) which forms the nearby contact 
between the Salmon River sequence and the Pole Creek Formation.
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Foliation:
Metamorphic foliation in the sequence has been re-deformed several 
times. The foliation is often not readily apparent in outcrop or hand 
sample. In some casesr this fabric controls fracture patterns in the 
rock. In thin section the foliation is defined by aligned, very 
fine-grained, composite metamorphic quartz grains with strong undulatory 
extinction. These grains form dense bands between phyllosilicate 
minerals which are less deformed or non-aligned. In seme areas, these 
bands are intensely deformed into tight, irregular shaped folds, visible 
only in thin section. A preferred, regional foliation attitude is not 
apparent in these rocks.
Foliation in subarea 3 is particularly well-developed sub-parallel 
to the faulted contact between the Salmon River sequence and the Pole 
Creek Formation. Foliation intensity increases with proximity to the 
fault and reflects increased shear strain in the fault zone.
In subareas 1 and 2, fractures which strike ME and dip steeply 
west, cross-cut the penetrative foliation which indicates that the
fractures are younger than the penetrative fabric. These fractures may 
be associated with the younger megascopic folds in the Pole Creek 
Formation and the Salmon River sequence, rather than with the early, 
penetrative deformation of the sequence.
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Mylonite:
A strongly deformed zone along the contact between the Salmon River 
sequence and the Pole Creek Formation displays a fabric which resulted 
from a combination of brittle and ductile shear strain. This zone is 
well developed in subarea 1, along the west side of Strawberry Basin.
The zone is approximately 10 m thick and crops out intermittently along
the contact for ^proximately 2100 m.
In outcrop and hand sample, rocks in this zone resemble a cohesive 
breccia. The rocks contain angular fragments of black argillite and 
carbonate, up to 3 cm long, which have been shattered and rotated out of 
alignment with each other. These fragments are probably bedding
laminae. Dark aphanitic material now fills the space between the 
rotated pieces. Quartz veins, up to 2 cm thick, are interleaved between 
dark argillite beds and are also shattered and rotated. This
combination of dark and light colored angular fragments, in a dark 
aphanitic matrix, gives this rock the appearance of a 
multi-compositional, angular, pebble conglomerate or breccia.
As seen in thin section, (Figure 11) this rock contains lens shaped 
clasts composed of extremely fine grained, stretched metamorphic quartz 
grains which are aligned parallel to each other, and define the overall 
foliation of the rock. The c-axes of these grains are sub-parallel to 
each other and they define the direction of shear movement in the rock 
as sub-^rallel to this foliation (Williams, Turner and Gilbert, 1954).
The elongate clasts are bordered by thin, opaque bands with wavy
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Figure 11. Photomicrograph of mylonite in Salmon River sequence, thin 
section RS-3. Note foliation defined by black bands and stretched 
bedding laminae fragments. Field of view is 4.5 cm across.
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texture, which are continuous across the thin section. These bands are 
connposed of a combination of dark, residual material (carbon?) and clay 
minerals. Minute quartz grains within the black bands display preferred 
c-axis orientation parallel to the rock's overall foliation.
Ribbon quartz is also a well-developed structure within this rock. 
This structure consists of stacks of elongate metamorphic quartz grains 
with c-axes sub-parallel to each other and to the overall foliation 
fabric.
The degree of mylonitization in the Salmon River sequence decreases 
proportionally to the distance from its contact with the Pole Creek 
Formation until at approximately 10 m from the contact, the argillite is 
not brecciated or nylonitized.
The compositions and textures seen in outcrop, hand sample and thin 
section, indicate that parts of this rock behaved brittlely, but that 
cohesion was maintained in the ductile matrix. Hobbs, Means and 
Williams (1976, p. 425) have described my Ionites in a general sense 
"covering rocks that occur in... zones of relatively high deformation, 
no matter if the deformation has been cataclastic or ductile on the 
scale of grains." Based on this usage, the deformed zone in the Salmon 
River sequence is a mylonite. This mylonite is evidence of significant 
faulting along the contact (described later in this chapter).
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POLE CREEK FORMATION
Important structural features of the Pole Creek Formation are 
megascopic foldsr mesoscopic folds and extension joints. In addition^ 
the Pole Creek rocks are brecciated along their lowermost contact and 
are cut by overturned contraction faults, associated with brittle 
deformation and the megascopic folds.
Megascopic Folds:
A series of southwest-plunging bedding folds characterize the 
megascopic structural framework of the Pole Creek Formation. A stereo 
net plot of poles to bedding (Figure 12) shows the mean axial trends of 
these folds is 10, S20W.
A large, asymmetrical, southwest plunging fold, overturned to the 
east, with a wave length of approximately 600 m, extends from subarea 1 
south into subarea 2. In subarea 1, the west limb of this fold crops 
out on the west ridge of Strawberry Basin and dips about 40W. The east 
limb crops out in the center of the basin and dips about 70W; 
sedimentary structures indicate this limb is overturned eastward.
Additional megascopic folds, formed along a steeply-dipping 
contraction fault, occur on the east side of subarea 1. These folds are
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Figure 12. Pi-diagram of poles to bedding. Contour intervals 1, 
3, 5, 7 and 9% of 1% area. Fold axis Beta 10, S20VJ. N - 67.
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defined by tan^ calcareous sandstone beds up to 3 m thick and form a 
series of open, asyninetrical anticlines and synclines.
A cross section of tightly-appressed , isoclinal folds crops out on 
an east-trending ridge 1 km north of subarea 1. These folds have wave 
lengths of approximately 150 m and although their crests and troughs 
have been eroded away y amplitudes are greater than 200 m. One sync line, 
defined black limestone, displays limbs which have been açpressed 
beyond the vertical position so that they dip away from each other. 
These are the tightest megascopic Pole Creek folds observed in the field 
area. The White Cloud stock (83.6 m.y. , Cavanaugh, 1979) truncates 
these folds on their eastern margin which indicates they formed prior to 
intrusion of the stock.
Pole Creek rocks in subarea 3 define a steeply west-dipping 
megascopic fold limb. Sedimentary structures, such as current ripples, 
scours and graded sequences, show the limb faces east. It is in fault 
contact with the the Salmon River sequence.
Mesoscopic Folds:
Open to tight mesoscopic folds also deform the Pole Creek 
Formation. In one outcrop, these folds are defined by tan, calcareous 
quartzite and have wavelengths of approximately 10 m. Quartz-filled 
tension gashes are well-developed in the limbs of these folds. The 
axial trends of these folds are sub-parallel to the trends of the 
megascopic folds.
Other folds with wavelengths of up to a meter, occur on the limbs
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of megascopic folds. They form in interlayeredr tan sandstone and gray 
limestone beds y up to 20 cm thick y and commonly y several of these small 
folds form a continuous wave train of antiforms and synforms .
A zone of mesoscopic folds is found in the ridge between subareas 1 
and 3 (Figure 13). These folds have wave lengths and amplitudes of 
about 70 cm. Outcrops in this zone lack facing indicators y so the
relationships of these folds to megascopic structure is incertain. But 
the presence of this strongly deformed zone hints at the presence of 
another north-trending megascopic fold on this ridge. This inferred
structure is shown in cross-section (Plate 1).
Subarea 3 also displays mesoscopic folds along the faulted Pole 
Creek Formation - Salmon River sequence contact. Vertically-plunging y 
s-shaped folds y up to 50 cm in wavelength y occur in calcareous sandstone 
and suggest a sense of left lateral shear along the faulted contact. 
Joints:
A well-developed joint system cuts Pole Creek rocks throughout the 
study area. These joints are roost prominent on the ridges in subareas 1 
and 3. A stereo net plot of joint plane attitudes defines a mean
orientation of N80Wy SON [Figure 14].
The joints are best developed in the massive quartzite beds. They 
are open from a few mm up to several cm and in many cases y one side of 
the joint has broken away to expose the opposite joint plane surface. 
These surfaces are smooth or uneven y and some display plumose 
structures. These structures indicate the joints formed in response to
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Figure 13, Mesoscopic fold in limestone and quartzite, Pole Creek 
Formation. Hammer for scale.
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Figure 14. Contoured diagram of poles to joint surfaces, Pole Creek 
Formation. Contour intervals 2, 5, 10 and 15% of 1% area. Mean joint 
surface attitude is N80W, SON. N = 54.
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extension [Dennisy 1972] • This interpretation is further supported by 
the lack of gouge or slickensides on the joint plane surfaces.
The joint plane attitudes bear a specific relationship to the trend
and plunge of megascopic folds in the area. The mean dip of the joints, 
SON, is normal to the plunge of the megascopic fold axes, IDS, and their 
mean strike, N80W, forms an 80 degree angle with the trend of the 
megascopic fold axes, S20W. The joints are thus nearly perpendicular to 
the fold axes and may be designated a-c joints [Hobbs, Means and
Williams, 1976], [Figure 15].
Fold Style:
I interpret the megascopic and mesoscopic folds in the Pole Creek 
Formation to be the result of brittle-style deformation. This is 
supported by the open geometry of most of the folds, the well-developed 
a-c joint system, and the general absence of penetrative fabric such as 
axial planar cleavage. This brittle folding may have included the 
Salmon River sequence, as suggested by the presence of a few 
brittle-style folds and fracture surfaces in the sequence which 
overprint the older penetrative fabric.
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Figure 15. Diagram of fold with a-c joints (1), (modified from Hobbs, 
Means and Williams, 1976).
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Brecciated Basal Contact:
Pole Creek Formation rocks are brecciated in intermittent zones 
along their contact with the Salmon River sequence. Brecciation in this 
zone has been recognized by a number of workers (Ross, 1937,
TSchanz, 1974, and Hall, personal communication, 1983); but confusion 
has existed as to whether the breccia is strictly tectonic in origin, or 
is a deformed conglomerate unit. %  observations show that the most 
prominent breccia zones are in fact water-laid, chert- and 
argillite-pebble -conglomerate beds, which have been deformed by shear 
strain in a fault zone.
The breccia zones in the Pole Creek coincide areally with the 
outcrop of the conglomerate unit of Member 1 (described in Chapter Two). 
One prominent breccia zone crops out in a north-south-trending band, 160 
to 180 m wide and about 4 km long, in the center of subarea 1. The 
southern tip of this outcrop is covered by volcanics, but the breccia 
crops out again on the ridge in subarea 2.
The brecciated rock consists of pebble- to cobble-conglomerate, 
with a calcareous-sandstone to limestone matrix. Strain appears to have 
selectively deformed the more siliceous beds within the conglomerate 
unit. For example, in a single boulder of this unit from subarea 1, a 
well-defined deformational boundary exists at the calcareous-siliceous 
compositional horizon (Figure 16). The undeformed portion of the rock 
is about 10 cm thick and consists of gray limestone with well rounded, 
undeformed chert pebbles up to 1 cm in diameter. The pebbles form two
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Figure 16. Boundary between deformed and undeformed conglomerate 
beds, Pole Creek Formation Member 1, subarea 1. Arrow denotes 
boundary. Pencil for scale.
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graded beds which indicate that this rock is a primary, water laid 
conglomerate. Directly overlying this undeformed bed, the rock is 
severely deformed. This deformed bed consists of stretched and broken 
chert pebbles up to 3 cm long, in a quartz rich matrix.
The thick conglomerate unit in the west part of subarea 2 has also 
been extensively brecciated. The zone is at least 3000 m long and up to 
1000 m in apparent thickness. Samples of both brecciated and relatively 
undeformed rock were collected from this area. Angular quartzite 
clasts, up to 17 cm long and 6 cm wide, which are grain supported by a 
quartz rich matrix, were seen in outcrop in Six Lake basin, in Area 2. 
The clasts appear to be randomly oriented in some outcrops, while in 
others, they display a preferred orientation. Along certain bedding 
planes, the clasts are oriented at a 60 degree angle to adjacent 
undeformed sedimentary bedding.
In subarea 3, the conglomerate unit is absent, but in its place on 
the basal contact is a mottled quartzite. This mottling consists of 
sub-planar foliations, a few mm apart, formed by gray mineral or organic 
segregations within the quartzite. These foliations display a slaty 
fracture. I interpret this foliation to be incipient mylonitization 
that resulted from the same strain along the basal contact which 
brecciated the conglomerate unit in other parts of the study area, and 
mylonitized the Salmon River sequence argillite below the fault contact.
55
OHRÜST ON THE SADON RIVER SEQUENCE - POLE CREEK FORMATION CONTACT
The presence of breccia and mylonite along the Salmon River 
sequence - Pole Creek Formation contact is evidence of faulting. The 
areal extent and thickness of the Pole Creek breccia zones suggest the 
fault is regional in scale y while the less noticeable mylonite provides 
additional clues to the nature of strain in the fault zone. In the 
mylonitef ductile shear and quartz recrystallization suggest faulting 
occurred as relatively deep-seated y sub-planar movement, accompanied by 
very high pressure, relatively low temperature and a low strain rate 
(Hills, 1972). A regional scale detachment fault reasonably accounts 
for these deformational structures. The displaced rocks above this 
fault may be designated as the Pole Creek allochthon.
In the study area, there is no direct evidence that this is a 
thrust fault rather than an (originally) flat normal fault. But time 
constraints and regional structures indicate that compression was more 
likely to form this fault than extension. Paleozoic and Mesozoic 
tectonisra in the Cordillera is characterized by low-angle compressional 
faults, while high- and low-angle extensional faults are associated with 
Tertiary extension. This fault may be considered pre-Tertiary because 
it is intruded by the 83 m.y. old White Cloud stock; this evidence 
favors compression rather than extension.
This fault extends northward beyond subarea 1 and may correlate 
with the thrust mapped in the Slate Creek area, (Fisher and others, 
1983). Regional studies by Skipp and Hait (1977) indicate that thrusts
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in this region are east- or northeast-directed, and east-verging 
megascopic folds which tightly plicate the fault support the idea of 
regional, east-directed tectonic compression and transport. Similar 
thrust relationships are found, on a regional scale, both north and 
south of the study area, i.e. the Wood River allochthon, 60 km south of 
the study area (Skipp and Hait, 1977, Dover, 1980). Hall and others 
(1975 ) determined the Wood River allochthon was transported eastward a
minimum distance of 10 km; a similar amount of displacement might be 
expected for the Pole Creek allochthon, although no direct evidence was 
found to constrain this displacement.
The angular unconformity which marks the boundary between the two 
units provides a ready-made plane of weakness for allochthon transport. 
Moreover, the contrast in structural styles between the two units 
accentuates this plane of weakness. The Salmon River sequence acts as a 
deise, isotropic mass (like basement rock) due to earlier, penetrative 
deformation and recrystallization, while the Pole Creek Formation 
retains its stratigraphie continuity and acts as a single competent 
sheet or mechanical unit (Serra, 1977). Horizontally directed 
compression would be most easily accommodated on the surface between 
these two dissimilar units.
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OONTOACTION FAULTS
Contraction faults are high-angle faults which may form on the 
limbs of large folds (Pricer 1967) (Figure 17). They contract the 
section by placing older rocks over younger rocks. Faults of this type 
offset the rocks in subareas 1 and 3.
In subarea 2, a north-trending contraction fault which dips SOW, 
forms the western-most contact between the Salmon River sequence and the 
Pole Creek Formation. This contact is a boundary between rocks of 
radically different age - Upper Mississippian (?) against Lower Permian. 
In order for the underlying Salmon River rocks to override the youngest 
Pole Creek rocks, the sequence would have to be upthrown a distance 
equal to or greater than the thickness of the Pole Creek Formation (as 
measured in this study) at least 2500 m.
Cleavage and open, brittle-style folds in the Salmon River 
sequence, and mesoscopic, vertically plunging s-folds in Pole Creek 
rocks deform the contact zone. The s-folds suggest minor left-lateral 
shear accompanied the reverse offset on this fault.
Another contraction fault occurs in Pole Creek rocks in subarea 1, 
on the east ridge of Strawberry Basin. This fault is defined by a 
fracture zone, approximately 5 m across, which strikes north and dips 70 
degrees west in its upper extent, but dips slightly eastward in its 
lower-most trace. Beds on the west side of this zone strike north and 
are overturned SOW, while beds on the east side of the zone comprise the 
horizontal limbs of a series of megascopic folds. The vergence of these
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c o n t h a c t i o n  f a u l t
Figurs 17. Di3.gira.in of contiraction faults on fold limbs Cfirom 
Price, 1967).
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folds suggests that the rocks on the east side of the fault were thrust 
westwardr up and over those on the west side, along an east-dipping 
fault surface which was subsequently overturned eastward. The curvature 
at the base of the fault trace is a remnant of the fault's earlier 
east-dipping attitude (Figure 18).
An alternative interpretation of these faults is that they are 
west-directed back thrusts in a ramp region of an east-directed
thrust. Serra (1977) points out that these back thrusts may form 
when the thickness of individual beds or mechanical units is about equal 
to the height of the ramp.
Figure 19 schematically depicts the deformational sequence which 
created the contraction faults and associated structures.
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fTïTR" "y iKw#,,
Figure 18. View north of overturned contraction fault and hanging wall 
folds, south ridge of Strawberry Basin, subarea 1. Trees an lower right 
for scale.
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PPpc
M sr
%
Figure 19. Deformational sequence in study area from 1) detachment fault 
through 6) present structure: PPpc = Pole Creek Formation; Msr = Salmon
River sequence. View north, no scale.
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CHAPTER FOUR
CœCLüSlOUS AND SUMMARY
The data and interpretations presented in this study lead to five 
fundamental conclusions.
1. A regional scale detachment fault, defined by a zone of brecciation 
and mylonitization, coincides with the contact between the Pole Creek 
Formation and the Salmon River sequence.
Pole Creek rocks, for the most part, responded brittlely to this 
faulting, as evidenced by brecciation of the bascil chert-pebble 
conglomerate. This breccia is well exposed, often in close proximity to 
relatively undeformed conglomerate beds. Field observations and 
pétrographie analysis demonstrate that chert-rich beds deformed to a 
much greater degree than beds composed of a high proportion of 
carbonate. However, some chert and argillite clasts in the conglomerate 
are stretched rather than broken, and quartzite which comprises the 
basal Pole Creek unit in subarea 3, contains an incipient mylonitic 
fabric which may have resulted from ductile-style strain.
Salmon River sequence rocks developed a mylonitic fabric in the 
fault zone. This fabric is defined by a foliation composed of 
attenuated and broken bedding laminae and a cohesive matrix which flowed
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around the bedding fragments, C^ic alignment of quartz g rains r 
sub-parallel to this foliation, defines the attitude of the fault 
surface. Age of fault movement is bracketed between deposition of the 
youngest rocks in the allochthon in Lower Permian time, and intrusion of 
the White Cloud stock, in Late Cretaceous time.
2, The Salmon River sequence deformed in a ductile and penetrative 
manner prior to d^x>sition of the Pole Creek Formation. This 
deformation is defined by tightly folded and penetratively cleaved beds, 
and by folded cleavage, Ihese structures represent at least three 
deformational steps. This pre- Pole Creek deformational timing is 
further supported by the fact that the Pole Creek conglonerate unit 
contains deformed Salmon River sequence clasts. An undefined regional 
tectonic event during Late Mississippian through Early Pennsylvanian 
time may account for this deformation, as Antler orogenic activity 
probably ceased during Upper Mississippian time.
3, The study area contains regional-scale, south-plunging folds which 
involve Pole Creek rocks, the detachment fault, and the Salmon River 
sequence. Both the Pole Creek Formation and the Salmon River sequence 
responded in a brittle fashion to this deformation. This is supported 
by the presence of the a-c joint system and lack of penetrative fabric 
in the Pole Creek rocks, and by presence of fractures in the Salmon
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River sequence which cuts the older penetrative fabric. These folds are 
truncated by the White Cloud stock which indicates that they are older 
than the stock.
4. Reverse movement along contraction faults is the most plausible 
explanation for the structural relationships created by two 
steeply-dipping, north-trending faults in the study area.
In the westernmost contraction fault (subarea 3), the Salmon River 
sequence contacts the Pole Creek Formation Member 4 along a steep fault 
which is sub-parallel to Pole Creek bedding. Juxtaposition of these 
units requires at least 2500 m of offset^ enough to uplift the Salmon 
River sequence through the Pole Creek section. This fault was later 
overturned to its present west-dipping attitude.
In subarea 1, west directed compression and transport accounts for 
the folds in rocks on the east side of the steep^ north-trending fault 
shown in Figure 18. These folds are equivalent to hanging wall folds 
over a thrust fault. The upper portion of this fault was subsequently 
overturned eastward by additional east-west directed conpression. The 
contraction faults are thrust fault. The upper portion of this fault 
was subsequently overturned eastward by additional east-west-directed 
compression. The contraction faults are evidence of brittle response of 
the rocks to compression associated with the development of the regional 
megascopic folds.
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5. A relative sequence of structural events may be determined from 
folding and cross-cutting relationships in the study area. The
megascopic folds are clearly younger than the regional detachment fault 
because they fold this fault. The contraction faults cut the detachment 
fault and the megascopic folds r so they post-date the detachment and 
folds. Finally f the White Cloud stock cuts all three of these
structures in the vicinity of Blackman Peak (subarea 1). This restricts
the age of all of these structures to older than 83.6 m.y.
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PETROGRAPHIC DESCRIPTION OF THIN SECTIONS
SAMPLE NO. RS-1
Formation: Pole Creek
Location: Blackman Peak
Minerals
calcite 82%— fine- to medium-grained, recrystallized 
diopside 15%— euhedral crystals up to 6 mm long 
pyrite 3%
Description
Medium- to fine-grained marble with contact metamorphic diopside.
SAMPLE NO. RS-2
Formation: Pole Creek
Location: Pole Creek
Minerals
quartz 50%— composite grains with strong undulatory extinction, pres­
sure solution boundaries (?), grains are irregularly 
shaped due to late calcite replacement 
calcite 45%— (with sericite (?) clay alteration) calcite forms cement 
and partially replaces quartz grains
sericite 4% 
pyrite 1%
Description
Tan, very thinly-laminated, well-sorted, very fine-grained to silt size, 
calcareous quartzite.
SAMPLE NO. RS-3, 4, 5, 6
Formation: Salmon River sequence
Location: Area 1, Strawberry Basin
Minerals
quartz 65%— very fine- to coarse-grained, interlocking metamorphic
quartz grains with strong undulatory extinction, stacked 
ribbon quartz with oriented C-axes, resorbed grain 
boundaries
feldspar— K-spar 5%— coarse-grained, angular-twinned crystals with
resorbed boundaries 
calcite 15%— fine, irregular grains replacing quartz 
muscovite 10%— very fine grained, elongate metamorphic crystals 
carbon (?) 5%— black residual organic material, forms continuous linea- 
tions across the slide, parallel to overall grain 
foliation
Description
Black, very fine- to coarse-grained siliceous myIonite, stretched meta- 
siltstone fragments form lens-shaped clasts, some contain cavities with 
recrystallized quartz coatings*
72SAMPLE NO. RS-7
Formation: Pole Creek
Location: Area 3
Minerals
quartz 40%— single and composite, irregular shaped, sub-angular grains 
with some straight but mostly strong undulatory extinction. 
Biomodal size— 10/40% is fine, 30/40% is very fine 
calcite 57%— fine-grained, clean calcite crystals, partially replacing 
quartz grains
muscovite 3%
Description
Tan, moderately sorted, fine- to very fine-grained quartz sandstone 
with calcite cement.
SAMPLE NO. RS-8
Formation: Pole Creek (Member 2)
Location: Area 3
Minerals
quartz 75%— well-sorted, fine-grained, sub-angular, intergrown single
grains with strong undulatory extinction, originally rounded 
detrital grains, now with well-developed quartz overgrowth 
feldspar (orthoclase ?) 5-10%
calcite 5%— clean calcite, replaces small portions of quartz grains 
diopside 5%— fine grained, subhedral metamorphic grains 
Description
Tan to white, well-sorted, fine-grained quartzite recrystallized without 
directed stress.
SAMPLE NO. RS-9, 10, 11, 12
Formation: Pole Creek (Member 4)
Location: Area 3
Minerals
quartz 35%— fine to silt size, equant, single and composite quartz
grains with strong undulatory extinction, irregular sutured 
grain boundaries
calcite 53%— binds and replaces quartz grains, clouded with gray clay 
clay 5-10%— dark, cloudy, with calcite 
pyrite 2%— produces limonite stain 
Description
Tan, fine-grained to silt size, well-sorted quartz siltstone with 
calcite replacement of quartz. This rock contains well developed 
mega-ripples.
s a m p l e  n o . RS-13
Formation: Pole Creek (Member i:)
L o c â ç ï Ô ^  Area 3
Minerals
quartz 60%— very fine-grained, sub-angular composite quartz grains
with strong undulatory extinction, angular sutured grain 
boundaries, faint grain alignment
73SAMPLE NO. RS-13 continued 
Minerals
calcite 25%— interlocking, fine-grained crystals in fractures parallel 
to foliation
muscovite 12%— very fine-grained, thin, straight laths and in patches 
as microlites, forms bright yellow patches; laths 
aligned sub-parallel to each other 
pyrite 2%— fine grained
organic 1%— black residual organic matter, aligned parallel to 
foliation in concentrated bands
Description
Tan, very fine-grained quartzite with mottled surface appearance formed 
by foliation. Mottling possibly due to shearing along faulted contact.
SAMPLE NO. RS-14
Formation: Pole Creek (Member 3)
Location: Area 3
Minerals
quartz 60%— silt size, single grains, elongate parallel to bedding (?)
or foliation, undulatory and straight extinction 
muscovite 20%— very fine grained, thin laths, aligned sub-parallel to 
bedding
amphibole 15%— subhedral metamorphic grains, fine- to medium-grained 
organic 2%— black residual organic material 
Description
Quartz siltite with muscovite and subhedral metamorphic amphibole which 
crosscuts the laminae.
SAMPLE NO. RS-15
Formation: Salmon River Sequence
Location: Area 2
Minerals
quartz 83%— fine-grained, composite quartz with strong undulatory ex­
tinction, forms thin bands or "veinlets" in the rock (shear 
foliations ?); these bands are interlayered with silt size, 
sub-angular, interlocking quartz grains with strong 
undulatory extinction 
muscovite 3%— fine grained, sub-equant grains
amphibole (?) 7%— fine grained, subhedral metamorphic grains which
crosscut foliation 
pyrite 2%— fine euhedral grains 
organic 5%— black residual organic material 
Description
Black quartz siltite, foliated by recrystallized quartz grains which 
form isoclinally folded veinlets and contact metamorphic amphibole 
which crosscut foliation.
SAMPLE NO. RS-16
Formation: Pole Creek (Member 1)
Location: Area 1
74SAMPLE NO. RS-16 continued 
Minerals
quartz 25%— fine-grained, composite quartz with strong undulatory ex­
tinction; grains are sutured together into irregular shapes- 
Sedimentary rock fragments 10% siltstone with minute, 
aligned muscovite laths and quartz grains with undulatory 
extinction; also with thin bands of recrystallized quartz 
calcite 60%— cement and replacing quartz grains, also coarse grained,
blocky calcite grains with uniform extinction-recrystallized 
crinoid debris 
organic 5%— black residual organic material 
Description
Black, sooty-looking crinoidal debris limestone.
SAMPLE NO. RS-17
Formation: Pole Creek
Location: Area 3
Minerals
quartz 65%— very fine-grained, composite grains with strong undulatory 
extinction, anealed together 10/65% fine, 55/65% very fine 
muscovite 15%— equant, irregular shaped, fine grains, with splays 
calcite 10%
chlorite 5%— equant, irregular shaned, fine grains 
pyrite 3%
albite 2%— twinned, very fine-grained 
Description
Tan, fine to very fine grained, moderately-sorted quartz, muscovite, 
chlorite sandstone with slight calcite replacement of quartz grains; 
not foliated; bimodal-grain size suggests two sources.
SAMPLE NO. RS-18
Formation: Pole Creek (Member 1)
Location: Area 1
Pebbles
Minerals: chert 45%, very fine-grained gray chert with coarser-grained
spots which may be radiolarian ghosts (?); chert also con­
tains very thin recrystallized quartz veinlets, some of 
which are folded
Sedimentary rock fragments (SRF) 15%, silt size, recrystallized quartz 
grains on pods. SRF 18%, brown siltite with alligned mica 
grains, some contain quartz veinlets. SRF 5%, opaque black 
argillite (?) with complexly folded recrystallized quartz 
veinlets
Matrix
quartz 10%— silt-size quartz grains with undulose extinction 
calcite 7%— with silty groundmass 
Description
Stretched chert and siltite-pebble conglomerate with calcareous quartz 
siltite matrix. Brown siltite clasts are mashed between chert clasts 
to form pseudomatrix.
SAMPLE NO. RS-19 75
Formation: Pole Creek
Location: Area 1
Pebbles : 70% of rock
Minerals: chert clasts 90%, rounded ellipse shaped clasts up to 3 mm,
also elongate stringers, quartz silt with the chert have 
aligned C-axes; trace of muscovite grains in the clasts; 
calcite rhombs show incipient calcite growth or replacement 
in the clasts.
calcaceous quartzite clasts 5%, rounded clasts, a few mm 
in diameter, composite quartz grains 70%, calcite 30% re­
places quartz.
Black siltite pebbles 3%, rounded black pebble, 1 cm long, 
strongly foliated with recrystallized quartz veinlets 
folded complexly into isoclinal folds on a scale of lOths 
of a mm; looks like Salmon River sequence sample no. RS-28. 
carbonaceous siltite clasts 2%, flattened, elogante parallel 
to overall rock foliation 
Matrix: 30% calcareous sandstone
Minerals: quartz, medium to fine grained, single sub-angular grains
with quartz overgrowths around rounded detrital grain 
boundaries, straight extinction,
calcite 80%, very clean, sparry calcite, medium to fine 
grained, well-developed twinning.
Description
Pebbly limestone with graded pebble beds. Chert pebbles contain pos­
sible radiolarian ghosts, other pebbles are deformed, foliated siltite 
and quartzite.
SAMPLE NO. RS-20
Formation: Pole Creek
Location: Area 1
Minerals
quartz 72%— subrounded, bimodal size 8/72% medium, 67/72% very fine­
grained, with straight and undulatory extinction. Inter­
locking, very fine grains have strong undulatory extinction 
calcite 20%— irregular shaped patches replacing quartz grains, also 
recrystallized in a few patches 
muscovite 5%— replaces calcite around quartz grains, forms spots 
hematite 3%— authigenic 
Description
Tan, well sorted, (bimodal), very fine grained (67%), to medium 
grained (8%), calcareous quartz sandstone. Muscovite forms 1/2 mm 
spots evenly throughout the rock.
SAMPLE NO. RS-21
F o r m a t i o n : Pole Creek (Member A)
LocationT Area 3
SAMPLE NO. RS-21 continued 
Sandstone matrix
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Minerals
Chert pods
Minerals
quartz 40%, single fine grains, with straight and 
undulatory extinction,
Calcite 60%, as cement and replacing quartz.
siliceous spicular groundmass 85%, very faint, needle-like 
spicules, very fine grained.
quartz 15%, very fine-grained silt with straight extinction.
Description
Siliceous spicule chert pods in very fine-grained calcareous quartz 
sandstone.
SAMPLE NO. RS-22
Formation: Pole Creek (Member 1)
Location: Area 2
Chert pebbles 
Minerals
Matrix
chert 92%, rounded and severely stretched gray chert 
granules and pebbles, with mega-quartz veinlets. 
muscovite 8%, very fine-grained laths
Minerals: quartz 60%, 10/60% fine grained, rounded detrital quartz
grains with well-developed quartz overgrowths, straight 
extinction; 50/60% very fine-grained silt-size quartz grains 
with undulatory extinction.
Calcite 35%, irregular-shaped masses as cement and as re­
placement of fine-quartz grains, and replacing the edges 
of some chert pebbles; also recrvstallized with well- 
developed twinning,
muscovite (?) 4%, authigenic, irregular masses as single 
crystals, nucleating around pyrite grains, 
pyrite 1%
Description
Brecciated and sheared chert-pebble conglomerate with calcareous quartz 
sandstone matrix.
SAMPLE NO. RS-23
Formation: Pole Creek (Member 1)
Location: Area 1
Minerals
calcite 85%— fossil hash, mostly medium-grained crinoidal debris, but 
including pelecypod (?) shell fragments 
organic 10%— black organic material
amphibole 5%— incipient contact metamorphic mineral growth, subhedral 
grains
Description
Black, organic rich, medium-grained bioclastic limestone.
SAMPLE NO. RS-24
Formation: Pole Creek (Member 1)
Location: Area 1
Chert granules
Minerals: chert 30%, 10% with radiolarian ghosts (?) recrystallized
round spots, in irregular-shaped pebbles, nartially reolaced 
by calcite. 20% without radiolarian spots, gray chert, 
sedimentary rock fragments (SRF) 15%, gray, carbonaceous (?) 
irregular shapes, possible spicules,
SRF 10%, opaque black siltite with lens-shaped quartz silt 
grains; also siltite or mudstone, compacted into flat and 
irregular "pseudomatrix."
SRF 2%, rounded, fine grained, quartz silt granules with 
quartz overgrowths.
Matrix
Minerals: calcite 43%, as irregular masses of cement, replacing chert
and SRF's, and as coarse grained, sparry, twinned crystals.
Fossils
"twig-like" bryozoan 
black grid— algae (?) 
crinoid debris
pelecypod shell fragments (?)
Description
Chert and SRF granule, calcareous, fossiliferous sandstone, forms basal 
"A" unit of calcareous turbidites.
SAMPLE NO. RS-25
Formation: Pole Creek (Member 3)
Location: Area 3
Minerals
quartz 78%— silt size 70/78% composite grains with undulatory extinc­
tion, fine grained 8/78%, grains form graded beds from 
fine to silt size upward, in 2 mm thick laminae 
calcite 15%— irregular blebs replaces quartz and fills vertical 
fractures
muscovite (?) 3%— argillic groundmass 
organic 1%— black residual organic matter (?)
Description
Tan, fine-grained to silt size, moderately-sorted quartz siltite with 
calcite replacement.
SAMPLE NO, RS-26
Formation: Pole Creek (Member 3)
Location: Area 3
Minerals
quartz 78%— bimodal, 8/78% fine grained, 70/78%, all composite grains 
with strong undulatory extinction, forms graded laminae 
calcite 19%— irregular blebs, replacing quartz 
pyrite 3%— fine grained 
Description
Tan, fine-grained to silt size, moderately-sorted quartz siltite with 
calcite replacement; very well-developed ripple crossbeds •
SAMPLE NO, RS-27 78
Formation: Pole Creek (Member 1)
Location: Area 2
Pebbles
Minerals : chert 40%, gray with possible radiolarian ghosts, and com­
plexly folded mega-quartz veinlets.
sedimentary rock fragments (SRF) 20%, quartz siltite with 
aligned muscovite grains; pebbles are aligned and stretched 
sub-parallel to each other.
SRF 5%, black, carbonaceous (?) siltite with silt-size 
quartz grains, stretched very thin.
Matrix
Minerals: quartz 20%, 8/20% medium grained, detrital quartz with
straight and undulatory extinction and quartz overgrowths; 
12/20% are very fine grained to silt size with strong 
undulatory extinction.
calcite 15%, patches of coarse grained, recrystallized 
twinned; as cement between quartz grains.
Description
Chert and siltite pebble conglomerate in calcareous quartz siltite 
matrix; highly deformed pebbles.
SAMPLE NO, RS-28
Formation:
Location:
Minerals
Salmon River Sequence 
Area 1
Black siltite: 60%, aphanitic quartz silt and black residual organic
material (?).
quartz veinlets 30%, fine-grained composite quartz 
with strong undulatory extinction, complexly folded. 
Gray siltite: quartz 50%, aphanitic, recrystallized quartz groundmass;
10% silt-size grains,
muscovite 40%, minute laths aligned parallel to 
foliation.
Description
Black and gray siliceous siltite to aphanitic beds cut by extremely 
closely-spaced shear cleavage which pervasively foliates the rock.
SAMPLE NO. RS-29
Formation: Wood River, Hailey Conglomerate
Location: Hailey, Idaho, 80 km southeast of the study area
Pebbles
Minerals: chert 40%, clean gray chert with coarse-grained recrystal­
lized spots-radiolarian ghosts (?), calcite filled 
fractures.
Sedimentary rock fragments (SRF) 15%, cherty siltstone with 
randomly-oriented muscovite laths and quartz silt grains,
SRF 10%, brown, calcareous mudstone, partially replaced by 
coarse-grained calcite.
SRF 5%, medium-grained quartz sandstone, well-rounded grains 
in cherty matrix.
SAMPLE NO, RS-29 continued 
Pebbles
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Minerals
Matrix
SRF 1%, black, rounded siltstone, cherty.
metamorphic rock fragment (MRF) 5%, siltstone with aligned 
muscovite, strongly foliated.
Minerals Calcite 16%, as irregular, very coarse grained, recrystallized 
patches.-
quartz 2%, medium-grained, single grains with straight
extinction.
hematite 4%,
clay 2%, brown calcareous (?) clay, possibly deformed SRF's.
Description
Chert, SRF, MRF pebble to cobble conglomerate with calcareous quartzite 
matrix. Pebbles are angular to sub-rounded; chert pebbles have calcite- 
filled fractures; SRF's are mashed between chert clasts; matrix is 
deformed around pebbles. Pebbles and cobbles are closely spaced, with 
sparse matrix, clast supported.
